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A Method and System for Adjusting Color Mixing Due to 
Substrate Characteristics 

BACKGRObtift OF THE Ilivfei&TION 

\W \lt ! ■ 

- , li t • 

1. Field of the Invention 

The p^sent invention r^litie to documen.4 pif&cessing 
machines and, more particularly/ to document ^rbiissing 
5 machines adapted to color printing. 

; ... i 

2. Prib£ ■ Ait :: 

Referring to tfigl ;i;;;:tHere is shown a perspecti^i' ^iew of 
a docultifent ptfOcessiri^ apparatus 5. The apparatu^j ^ could 
be aiiy suitable type of document processing apparatus, 
10 such as a copier, a facsimile machine, a scanner*, or a 
computer printer adaptable to cdlor pfbceiiing and 
printing on a printable substrate. 

One specific application of color processing is customer 
selectable color printing, wherein a Verfy specific color 

15 is required* Customer selectable col : 6^s ate i: typically 
utilized to provide instant identification and 
authenticity to a document* As such, the customer is 
usually concerned that the color meets particular color 
specifications* For example, the red color associated 

20 with the XEROX™ digital stylized "X" is a Customer 
sele'ctable color having a particular shade, hue and color 
value. Likewise, the particular shade of orange 
associated with Syracuse University is a good example of 
a customer selectable color. A more speciklizfed example 

25 of customer selectable color output can be found in the 
field of custom color, which specifically refers to 
registered proprietary colors, such 6s used, for example, 
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in corporate logos, authorized letterhead and official 
seals. The yellow associated with KODAK* brand products, 
and the brown aspoci|^3rwith H^HEY™ brand pfoducts are 
good examples o ! f' Exacting custom' colors which may be 
5 required .in a .highlight. cqlc& ! 6r spot color printing 
application. However, the various colors typically 
utilized for standard highlighting processes generally do 
not precisely match customer selectable colors. Moreover, 
customer selectable colors typically cannot be accurately 

10 generated via halftone process; ; color/ methods because the 
production of solid "l^l&e ar&k'b di/ a 'particular color 
using halftone ima^e' brocesslrijj: ' tijiiiniques typically 
yields non-unif ormity,, .c^f \ fchfc color -; 1ft ' the image area* 
Further, lines and tek.t^ produced o.^ : kaiitone process 

15 color are very sensitive to mis-jtfegistration of the 
multiple color imad^£ siijbk t^it 1 ' ' bllir^ing, color 
variances, and othe£ lffii<j4 ^viility iiiAots may result. 

, r . 1 . ,. : :u : 

As a result of the ( de|ici4nci4s , iriii^i. above, customer 
20 selectable color pfiodjlcti'flft 1 1 electrostatographic 

printing systems is t^i&aily 'd&irti^d out by providing a 
singular premixed d^teicjpirig material 1 'composition (e.g., 
ink) made up of a "ftiifcture of 'ftiiitiple color toner 
particles blended in preselected concentrations for 
25 producing the desired cuitonier selectable color output. 
This method of mixing multiple color toners to produce a 
particular c6lor developing material is analogous to 
processes used to produce customer selectable color 
paints and inks. In offset printing, for_example, a 
30 customer selectable color output image is produced by 
printing a solid image pattern with a premixed customer 
selectable color printing ink as opposed to printing a 
plurality of halftone image patterns with vatious primary 
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colors or compliments thereof. This concept has generally 
been extended to electrostatographic printing technology/ 
as disclosed/ for example/ in commonly assigned U.S. Pat. 
No. 5,557,393, wherein! !an electrostatic latent image is 
5 developed by a dry powder developing, material comprising 
two or more compatible toner compositions to produce a 
customer selectable color output. 

Customer selectable color printing materials including 

10 paints, printing inks and developing materials can be 
manufactured by determining precise amounts of 
cbnfetituent basic, . color j components making up a given 
dustbmer selectable colot mAtetial, providing precisely 
measured amounts of each constituent basic color 

15 component and thoroughly mixing these color components. 
This process is commdftly facilitated by reference to a 
color guide or swatcfv 1d6o1c cohtiiking hundreds or even 
thousands of swatches iliikfcjJAtlAg different colors, 
wherein each color swatch is ;Afc ! soilated with a specific 

20 formulation of coiorantki £roi>Abiy* the most popular of 
these color guides is ^ubii^Heid 'by Pantone®, Inc. of 
Moonachie, N.J. The £arit;dne$ Color Formula Guide 
expresses colors using rtiii^A matching system and 

provides the precise formuiAti6n i^icessary to produce a 

25 specific customer selectable $&lor by physically 
intermixing predetermined cokoentrations of up to four 
colors from a set of up to 16 jiriilcipal or basic colors. 

i . \ ■ 

There are many colors available using' lh^ : Pantone® system 
30 or other color formula guides of this nature that cannot 
be produced via typical hal'f tone process color methods. 
In the typical operational environment, an 
electrostatographic printing system may be used to print 
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various customer selectable color documents • To that end, 
replaceable containers of premixed customer selectable 
color developing materials corresponding to each customer 
selectable color are provided for each print job, 

5 Replacement of the premixed customer selectable color or 
substitution of another premixed color between different 
print jobs necessitates operator intervention and print 
job halts, among other undesirable requirements. Also, 
since each customer selectable color is typically 

10 manufactured at an off-site location, supplies of each 
customer selectable color printing ink must be separately 
stored and inventoried for each customer selectable color 
print job* 

15 In addition, it is known that properties of the printable 
substrate also affestS the cpAor| o'f the print. Many paper 
substrates are slightly of f In the direction of 
blue or green or yello^v* Such ji&beft tint can shift the 
print color away from the cu.stiomer^elfc^ted color, even 

20 though the develofe ir& ikyefc id &in£kined exactly at 
its specified value, it , ij^i . i^Hjier known that the 
reflectivity of t&fe .fedb^iitij . ^1^6 effects the print 
color* More reflective -'i^stf &t6s -may result in color 
with higher gloss, higher brightness and higher measured 

25 color saturation then ' M'ijkt oth^rwiSS be desired. 

J- : , /t ; ■ h ^ : 
SUMMARY 0[V. f ' ^Avikf'TION 

In accordance wit&;4he" 1 ^rhlbjb'^il^^jaji t of the invention, a 
method for adjustlfti fr^fltlftftill , amounts of primary 
30 colorants to be comMne<ii to suiitaAtially match a user 
selected color and substrate characteristics in a device 
adapted to color printing on a substrate. The method 
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comprising the steps of determining a compensated target 
transmission spectrum, T oomp (\) of a printable ink layer; 
optimizing an uncompensate^' target t^jinsmiss^on spectrum, 
Tun-oomp (M of a printable ink' layer; and comparing Tun-camp 
5 (X) with T oomp CK) plus a predetermined delta and selecting 
fractional amounts of primary colors to be combined to 
substantially match the user selected color and the 
substrate characteristics. 

10 In accordance with another embodiment, a method for 
determining optical characteristics of a substrate to. be 
printed on and adjusting color components of a desired 
color to compensate for the optical characteristics. The 
method comprising the steps of determining optical 

15 characteristics of a desired color; determining optical 
characteristics of the substrate to be printed on; and 
comparing the optical characteristics of the desired 
color and the optical characteristics of the substrate to 
be' printed on and adjusting the color components of the 

20 desired color to compensate for the optical 
characteristics of the substrate to be printed on. 

In accordance with another embodiment, a color mixing 
system in an apparatus adapted to printing color 
documents. The system comprising a source of a plurality 

25 of primary colorants; at least one optical characteristic 
source; at least one user interface; and a controller 
conneitabie to the at least one optical dharac'teristic 
source and £ne at least one user interfaci, wherein the 
controller controls mixing of a pluxfajity of primary 

30 colors from trie source of primary coiorkftts in response 
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to the at least one optical characteristic source and the 
at least one user interface. 

In accordance with another $mJpodimen£, a program storage 
device readable by a liachi'Ae, tangibly embodying a 
5 program of instructions executable by the machine to 
perform method steps for adjusting fractional amounts of 
primary colors to be combined to substantially match a 
user selected color and substrate characteristics in a 
device adapted to color printing on a substrate. The 
li method comprising the steps of determining a compensated 
target transmission spectrum, TW, (X) of a printable ink 
„ layer/ further comprising the steps of determining a 

43 color reflection spectrum, RtgtW/ determining a 

jjj substrate reflection spectrum, R 8 (M, determining an 

42 15 average front surface substrate reflection, R fs , combining 

q R t4t (Jt), R.<X> , and R c . to produce the target transmission 

N spectrum, T C cmp (*) ; [Optimizing an uncompensated target 

P transmission' spectrum, T uf ,- C o.»p (*> ©f a printable ink 

^ layer, further comprising the step of optimizing: 

tM ^ 20 oiip( SjttjMCj (X) ^ 7^ (\) - g K p (- Z ^/(x)) 

Tim?' I r J J J 

where ; 

exp= 2.71828 . . . 

£4 C , ^ g, r □ Tn a th r m ri ri ml mp"" ^^'^^ "^>» primar y , 

25 ^(1)), = rha TYinrfr<r- Anrya — £s S OC1 8 tff d With — e aoft 

?/l(/0O and comparing T un - 00 mp (X.) with T C ofe P W plus a 

predetermined delta and selecting fractional amounts of 
30 primary iolorants to be combined to substantially match 
the user selected color and the substrate 
characteristics. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

ing a'S^B'bts and other features of the present 
iiWtntion are explained in the following description, 
taKta in connection with the accompanying drawings, 
i6 wherein: 

Fig.; J. ,18 a 1 j?41?s£fcctive v\L£w df a ; Conventional document 
iin4 AWitatua adaptable to coist pfcifrting; 



process: 



k ,,u. 

schematic diagram of one einbt 



Fig. 2 is a schematic diagram of one embodiment of the 
inventiori; 4ni 

15 Fig. 3 is ,^ ' meth&d flow chart of ' 6%k v Embodiment of the 
invention showing 1 ike steps for detlriki&ing the fractions 
of colorants to' ]&e mixed. 



LED EMBODIMENT 



16 Referring to Fl^fe. 2 ihd 3' there, is shown a schematic and 
ntaihod flow chk^k . iorf '" one" 'embodiment of the invention. 
Although thi ^Ulftt; • iiivilAtion will be described with 
reference to the sitigle embodiment shown in the drawings, 
it should be understood that the present invention can be 

25 embodied in many alteifkate iort&h of embodiments . 

The present invention contemplates a printing system 
wherein the fraction of color components of the colorant 
material to be mixid in a supply reservoir can be 
adjusted to account for paper substrate properties. In 
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this manner, the color printed on the printable substrate 
will be in agreement with a predetermined customer 
selected color. Additionally, there may be more than one 
combination of fractional amounts of color components and 
substrate properties that meet the requirements of a 
cusfcorrt^r selected color. By monitoring the mixed color 
materials, and selecting a different combination if a 
particular component is below a predetermined threshold, 
a wide range of customer selectable colors can- be 
produced and maintained over very long print runs. Thus, 
the invention advantageously permits the user to mix user 
selected colorants on an as needed basis^ and to account 
for pap&r characteristics when printing a user Specified 
color, s - - 4 - J •• ■■ ■ j ! ■ ■ * ' v ' 

Referring now. to Fig. 2, a li.ght soiifrce AM illuminates a 
paper substrate 50. The reflect Jjifct is converted to a 
signal by an optical sensor •.. 4 8B and transmitted to 
control system 52. Control system 52 combines the 
converted optical data ! ^iih information from the user 
interface 56 and ink character from database 54 and 

determines the fractional amoUAU at • ink from the primary 
ink supplies 40 to be misted irt-ffeiprvoir 42 to compensate 
for the optical characteristics -6f the paper substrate 
50. Alternatively, the optical, characteristics of the 
paper substrate 50 may be stored as a table of the 
reflection spectrum and the average Iront surface 

reflectance 1 ^ in database 54. The miieo^ ink from 
reservoir 42 Is applied to ink applicator 44 and printed 
as required r on 1 t6 paper substrate 50. Alternatively, the 
ink characteristics and the relative proportions of the 
primary ink dilor supplies already mixed 42 may be 
estimated by measuring the transmission spectra of the 
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light 46C transmitted through or light 46A reflected from 
a thin layer of the mixed colorant 4 6D by color sensor 
4 8A. The proportions, e,g,, the weight percent s or the 
volume percents, of the constituent colorants of the 

5 mixed ink 42 are ascertained by Control System 52 and 
combined with the p£p6r substrate characteristics from 
color sensor 48B* The required adjustment to the output 
color is then made by selectively adding additional 
amounts of the constituent colorant (s) from the primary 

10 ink supplies 40, 
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Referring also to Fig. 3, the invention determines 10 the 
re flectli n spectriim Rtstf**) of ; user selected color, 
determines 12 the reflection s^dtrum R a (\) of the target 
i:e, and det'ermijies 14 the average front surface 
ref l^i^ance Rf S of the target substrate. The invention 
caldilAtes 16 the compensated target transmission 
s^ectlt^m of the printable ink layer using known relations 
bet&dkn ink transmission, substrate reflectivity and 
20 perceived color; 



(X) - F[R ffi , R S {X) , RtgtU) ] (1) 

Where R fs is the f rOnt 1 SUtface reflectivity of the ink on 
25 the paper, R 8 is the rdtlettidn ijpectrum of the substrate, 
and Rtgt is the reflection spectrum of the customer 
selected color. The relationship between these 

quantities may be determined empirically or from color 
models. As an example of a specific, approximate 
30 relationship, the contjt6l system may assume that 

R(*) = R f3 + (l-Rf fi )*T{£)^ki^)H(X) (16) 
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and the control system may calculate 

TcompW - SQRT[ (Rtgt(X) - Ha) / ((l-Rft)**W) ] (lb) 

In one embodi^Afe ^ifei" 'indention the next step 

estimates 18 a tjfer^4fe tifitiifai^sion spectrum of the 
printable ink layir trial 'ife not compensated for the 
substrate properties, i^his estimate may come from a 

10 stored data basis ! 'tl^et colors and the appropriate 
transmission s$$fcfci:a , £or inks printed on a standard 
substrate. Or this ifetimditA * frtAy be calculated from 
empirically ot t|idt>retic&lly defce^ftihed relations between 
printed' 6$ per unit area,> PMA, color absorption 

15 spectra, a[X)i ana transmission spidfcti 



j-un-comp 



where j « 1, \i 
20 to be mixed- t£ jJ! 



lignites the 1 ilt} &f individual colorants 
S&uce the customer selected color. As an 
example cHfr-- J i splci^lc> ab&toximate relationship; the 
control syifc'lfa fAiy assume Beer's law ami ; tambert' s law 
and determine ' 

25 T., n - comp {xV = e^ (*ti : ^MA^aJx') ) (2a) 

#•1 < v 

The PMA 5 in equation ?fe"ftay cdfo6 £fcom a stored data base 
of colorant combinations kn&iirfi jib produce different 
30 selectable colors, e*$,, f^&m*' the Panfe&ne® system* 
Equation 2a is only exict ■■ undw Ulkferi certain assumptions 
#2 are satisfied, eig», t&i't ll^V'is 'iiot multiply scattered 

in passing through th4;'ihk iljj&r^Ih other embodiments of 
the invention, empirical itdjliitments to equation 2a may 
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be made/ e.g., to correct for multiple scattering of 
light in the printed ink layer. 

The next step compares 20 th& fj&sdijrs of equation {1) 
with the results of Equation (2): to; determine if T eoni p (X) 
5 is within a predetermined range 1 - comp (X) . 

If tfle comparison falls outside 1 tke predetermined range 
the next step determines 22 ii the variables used in 
determining Tun-con* (X) have been optimized. If the 
variables have not been optimized a conventional 

10 multivariate optimization (e.g./ least squares, Simplex, 
e.t.c.) may be used to optimize 26 the PMA 3 or other 
parameters until T un . comp (\) is sufficiently close to T c *n» 
(X) . ^Otherwise the user may be notified 28 that the 
sel$<?ted color i$ incompatible with the target substrate 

15 color. 

If the comparison of T un . CO mp tli) is sufficiently close to 
Tcomp (X) then the fraction 'dolor Fj of each primary 

colorant j to be mixed is detitmined 24' according to the 
equation 

20 F j = PMAj / ?MA t0 1 (3) 

where PMA to t= Eif>M&) (4) . 



1 . i 



Step 30 4^t^faines if the fractional amount Fj is below a 
predetermined :4iiiHr6ir levfei for that j Ul color and 
25 selecting an iiternative combination ■] ot , a* and 
recalculates 36- equation (1) and re* \ 20 the 

reiUlts of equation (1) with the resulti 6t tuition (2) 
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to determine if T oortlp (k) is within a predetermined delta 

<*). 

Steps 29 and 32 are used to control the number of times 
alternative solutions to T COT ^ (X) are determined. If loop 
5 control maximum has been set 2 9 and so determined 32 tHen 
the user is notified 34. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives 
and modifications can be devised by those skilled in the 
10 art without departing from the invention. For example, 
present invention relates document processing machines 
• c n adapted to color printing such as, for example, ink jet 

0 1 printers, and is not restricted to xerographic machines. 

Accordingly,, the present invention is intended to embrace 
Jj 15 all such alternatives, modifications and variances which 

H: fall within the scope of the appended claims. 
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